We have tried to understand the recent observations related to metallicity in Ly-« forest clouds in the framework of the two component model. , not only in the mini-halos, but also in the outer parts of galactic halos. However, the mean value of 7¢½¼
Introduction
Recently there has been considerable interest in trying to determine and understand the chemical abundance and the process of enrichment in the early Universe. Observationally, QSO absorption lines have proved to be the best tools to determine the abundances at high redshifts. The ubiquitous Ly-« absorbers, which are responsible for the formation of the Ly-« forest in the QSO spectra, have earlier been thought of as made up of pristine, intergalactic material [1] . Meyer and York [2] showed, with the help of high signal to noise ratio of 100, that the Ly-« lines do show associated lines of heavy elements. Lu et al [3] reached the same conclusion by stacking a large number of Ly-« lines, to effectively increase the signal to noise ratio. Recently (1995 onwards), high resolution (FWHM 6 km/s), high S/N observations have been possible with the help of the KECK telescope and have resulted in direct detection of heavy element lines associated with Ly-« lines [4, 5] .
It was found that 50 to 75 ± of Ly-« lines with column density 10 ½ cm ¾ do show associated metal lines, the metallicity being around 2.5. On the theoretical front, Gnedin and Ostriker [6] and Gnedin [7] , with the help of high resolution simulations, showed that Pushpa Khare the first generation of stars could have formed at redshifts of about 15 (due to molecular hydrogen cooling) as a result of which the Universe could have been reionized, temporarily halting the star formation, which would resume at a lower redshift. The Pop III stars are however too few and could only enrich the Universe to a metallicity of 10 solar. Individual objects e.g. protogalaxies or QSOs, could have reached solar or higher metallicities at Þ ³ through Pop II stars. Metals from protogalaxies could have spread in the neighbouring IGM through SN explosions and more efficiently through galaxy mergers. Pop II stars could have enriched the Universe to a mean metallicity ( / ¬ ) of 1/200 at a redshift of 4. Large variation in the IGM metallicity is predicted with high density regions having ( / ¬ ) of 1/30 and the low density regions having essentially no metals. According to these simulations, the Ly-« lines with column density 10 ½ cm ¾ form in filaments surrounding and connecting collapsed objects while smaller column density clouds occupy voids, so that Ly-« lines with lower column density are not expected to show associated heavy element lines. Attempts to detect such lines have recently been made by two groups which obtained conflicting results. Lu et al [8] used the method of stacking of high resolution data for weak lines, thereby obtaining an effective Ë/AE of 1860. They failed to detect C IV lines and obtained an upper limit of 3.5 for the abundance of C in such clouds. Similar conclusion was drawn by Dave et al [9] who tried and failed to detect O VI lines associated with weak Ly-« lines. Cowie and Songaila (1998), on the other hand, used a new method based on optical depths to determine the C IV/HI ratio and obtained a mean value of N ÁÎ /N ÀÁ of 7¢½¼ ¿ for weak Ly-« lines. We have tried to understand these observations in the two component model of Ly-« absorbers.
This model has recently been considered in somewhat detail by Chiba and Nath [10] . The model, based on CDM models of structure formation, assumes that the Ly-« absorption lines are produced by virialized gas clouds. The gas confined to the smaller halos, called the mini-halos (with circular velocities between 15 and 55 km s ½ ), do not undergo enrichment as the star formation in these may be inhibited by the suppression of radiative cooling due to photoionization. These mini-halos will contribute more to the lower HI column density Ly-« lines which may not be accompanied by lines of heavy elements.
Gas in bigger halos called the galactic halos (55 Î 250 km s ½ ), on the other hand, would cool and form clouds and stars and would contribute more to the higher HI column density Ly-« lines which will be accompanied by lines of heavy elements. The limits on Î pertaining to the two types of halos are based on various physical reasons. The lower limit on Î ( 15 km s ½ ) is roughly the value below which the perturbations in baryonic mass are suppressed. The upper limit on Î ( 55 km s ½ ) for mini-halos is roughly the value below which photoionization suppresses cooling and formation of clouds.
Calculations
Here we describe the calculations very briefly, details can be seen in [11] . We assume the Press-Schecter type of mass distribution of the virialised halos and assume the baryonic matter density to be 0.05 times the total matter density. We assume the galactic halos to have clouds and calculate the total column density along a given line of sight as the sum of column densities in all the clouds that may lie along the line of sight. The clouds are assumed to be in pressure equilibrium with the hot intercloud medium. We have used photoionization code 'CLOUDY' to calculate the fraction of ions. With all these assumptions,
